Introduction
The syndrome of inappropriate sinus tachycardia is characterized by an elevated resting heart rate and an inappropriate heart rate increase in response to minor exertion. Although this unusual syndrome has been increasingly recognized as a clinical entity in recent years, its clinical characteristics are as yet poorly characterized. Furthermore, the diagnostic criteria, evaluation and optimal therapeutic techniques are in a state of evolution. Since the prior review [1] , further published results of radiofrequency modification of sinus pacemaker function have dampened early enthusiasm for this procedure due to a high rate of recurrence.
Diagnosis
Since the prior review, the diagnostic criteria remain essentially unchanged. These include [2] [3] [4] :
(i) presence of a resting heart rate of over 100 bpm or a heart rate increase to over 100 bpm with minimal exertion, (ii) correlation of symptoms with documented tachycardia, (iii) P wave morphology during tachycardia of sinus origin, (iv) exclusion of secondary causes, (v) exclusion of right atrial tachycardia.
Epidemiology
The clinical syndrome has been previously welldescribed [5] . The majority of patients with this clinical syndrome are young women and a disproportionate occurrence in health care professionals has been observed [2, 3] . Symptoms usually include palpitations, dizzyness, syncope, and reduction in exercise tolerance. Patients develop sinus tachycardia to over 150 bpm with minor exertion. Tachycardia on assumption of upright posture in the absence of orthostatic hypotension is also a common feature and the condition must be differentiated from idiopathic orthostatic tachycardia.
Pathophysiology
The pathophysiologic mechanism of inappropriate sinus tachycardia remains poorly understood and differences between studies investigating the mechanism suggest that this may possibly be a heterogeneous condition. Bauernfeind et al. [6] originally suggested that the tachycardia resulted from abnormal autonomic influence on the sinus node, being either excessive sympathetic tone or blunted vagal activity. In contrast, Morillo et al. [2] suggested that the mechanism involved a primary abnormality of sinus node function manifest as enhanced automaticity. Recently, Castellanos et al. demonstrated a loss of heart rate variability in patients with inappropriate sinus tachycardia [7] . They showed a 24-hour decrease in all temporal and spectral indexes which may have resulted from a global decrease in parasympathetic activity.
Evaluation
The evaluation of patients with a possible diagnosis of inappropriate sinus tachycardia has been considered in a previous review [1] . This requires adequate documentation of tachycardia and correlation of symptoms with tachycardia. This is particularly important due to the often observed discrepancy between symptoms and documented tachycardia. In addition, secondary causes of sinus tachycardia must be excluded. These include: physical deconditioning, cardiac failure, orthostatic hypotension, drug therapy, endocrine and metabolic disorders (hyperthyroidism, hypoglyceamia, phaeochromacytoma) and anemia.
Exclusion of atrial tachycardia is also important and may be difficult on clinical evaluation alone. P wave morphology of an atrial tachycardia arising from the region of the superior crista terminalis will closely resemble a sinus P wave. Differentiation of sinus from atrial tachycardia or sinus node reentry tachycardia is usually made in the electrophysiologic laboratory but even here it may be difficult [1] .
Electrophysiologic evaluation may be performed in order to confirm the diagnosis, to exclude atrial tachycardia or sinus node reentry and is Kalman CEPR 2001; Vol. 5, No. 2/3 essential prior to any attempt at radiofrequency modification of the sinus node.
Management
Because no comparative studies of management exist for inappropriate sinus tachycardia, therapy is empirical and tailored to the individual patient. Initial therapy should be pharmacological and the agents most frequently used are either a betablocker or a calcium channel blocker [4] . Avoidance of particular triggers such as fatigue, certain foods, alcohol and caffeine may be beneficial [5] . Some patients have noted improvement with rigorous exercise training programs (personal communication). While this is unlikely to be applicable to the majority of patients with inappropriate sinus tachycardia, regular physical exercise may paradoxically lead to improved heart rate control.
Recently a technique to modify sinus node function using radiofrequency energy has been described in animals [8] and in patients [9] with the syndrome of IAST. At present there are no clear guidelines for determining which patients should undergo sinus node modification but in the face of emerging data detailing the high recurrence rate during longer term follow-up [10], we are coming to view this as an option applicable only for patients who have been symptomatic for long periods of time, who have failed reasonably exhaustive medical therapy and who are so incapacitated that they are willing to accept a low long term success rate. Recent data in 22 patients who underwent radiofrequency modification for inappropriate sinus tachycardia, demonstrated that at a mean follow-up of 11 months only 8 (36%) had sustained improvement [10] . Three of these 8 had required a second procedure. This high recurrence rate is consistent with others experience [11] . Ching Man et al. recently reported on their results in 29 patients undergoing radiofrequency ablation of inappropriate sinus tachycardia guided by activation mapping [12] . They reported initial success in 22/29 (76%) patients with early recurrence in 6 for a success rate from the initial procedure of 55% at short term follow-up. An additional 3 patients underwent a second successful procedure. Patients who undergo 2 or even 3 ablation procedures for inappropriate sinus tachycardia are at risk of developing a clinical superior vena cava syndrome as has been described using intracardiac echocardiography [3, 13] . Leonelli et al. used the CARTO nonfluoroscopic mapping system to guide successful RF modification of the sinus node in two cases of inappropriate sinus tachycardia [14] . The authors suggested that use of this system may reduce the number of mapping catheters required and potentially reduce the required fluoroscopy time.
As a result of the poor long term outcomes from radiofrequency modification of the sinus node, there has been renewed interest in sinus pacemaker excision [15] . Recently we have performed surgical excision of the sinus pacemaker complex in 4 patients who had failed sinus node modification and who were disabled by the condition. Three have been cured in long term follow-up but one continues to have a junctional tachycardia. This latter occurrence suggests that the condition may reflect a widespread disorder of pacemaker tissue or possibly an autonomic imbalance.
Given the poor results of radiofrequency modification of the sinus pacemaker and the invasive and morbid nature of open heart surgery, the optimal treatment may be the use of drugs that specifically inhibit sinus node pacemaker current [16] .
Conclusions
Inappropriate sinus tachycardia is an unusual disorder characterized by an elevated resting heart rate and an inappropriate increase in heart rate with minor exertion. The disorder is probably heterogeneous with more than one underlying pathophysiologic mechanism. Both abnormal automaticity and abnormalities in autonomic control have been implicated. Clinical diagnosis involves careful correlation between symptoms and documented tachycardia and exclusion of secondary causes and atrial tachycardia. The majority of patients will be managed medically with beta blocker therapy. In a small proportion of patients refractory to medical therapy, radiofrequency sinus node modification may alleviate symptoms but the long term success rate is low.
